The presence of nonalcoholic fatty liver diseases (NAFLDs) and type 2 diabetes was associated with elevated risks of cardiovascular events as well as the progression of NAFLD to fibrosis/cirrhosis and hepatocellular carcinoma. Sodium-glucose cotransporter 2 inhibitor (SGLT2i) is a widely used antidiabetic drug, which promotes urinary excretion of glucose. Recent animal and human studies demonstrated the beneficial effects of SGLT2is on lipid accumulation and fibrosis in the liver. The purpose of the current study was to elucidate the effects of SGLT2is on hepatic fibrosis in the realworld setting.
Introduction
Nonalcoholic fatty liver disease (NAFLD) is characterized by the presence of hepatic steatosis and ranges from simple steatosis, to nonalcoholic steatohepatitis (NASH), fibrosis/cirrhosis and hepatocellular carcinoma (HCC). The presence of type 2 diabetes (T2D) is strongly associated with NAFLD, and also relates to progression of NAFLD to NASH and HCC [1, 2] . NAFLD also increases the long-term risk of cardiovascular diseases [3] .
Sodium-glucose cotransporter 2 inhibitor (SGLT2i) is a widely used antidiabetic drug which promotes urinary excretion of glucose by blocking the glucose reabsorption in the renal proximal tubules in an insulin independent manner. Recent clinical trials revealed the beneficial effects of SGLT2is on cardiovascular diseases and chronic kidney diseases [4, 5] . We also reported that SGLT2i improved liver functions [6, 7] . The improvement of hepatic steatosis was observed in human and animal studies, which could lead to reductions of inflammation and oxidative stress in the liver [8] . Moreover, several reports also demonstrated that SGLT2i treatment attenuated fibrosis in the liver by histological examinations or noninvasive measurements using transient elastography [9, 10] . However, the number of studies evaluating the effects of SGLT2is on hepatic fibrosis in clinical practice is limited. Thus, we conducted present study to elucidate the effects of SGLT2is on hepatic fibrosis in the real-world setting. Hepatic fibrosis was evaluated by using noninvasive fibrosis-4 (FIB4) index, which was already reported as a useful index in NAFLD [11, 12] .
Effects of SGLT2 Inhibitors on Hepatic Fibrosis J Endocrinol Metab. 2020;10(1):1-7 longer between April 1, 2014 and March 31, 2018 by a chartbased analysis. We compared retrospectively the data before the SGLT2is treatment with the data at 6 and 12 months after the SGLT2is treatment started. Body weight, blood pressure, plasma glucose, hemoglobin A1c (HbA1c), serum total cholesterol (TC), low-density lipoprotein-cholesterol (LDL-C), triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C), aspartate aminotransferase (AST), alanine aminotransferase (ALT), γ-glutamyl transferase (γGTP), creatinine as well as blood cell counts in studied subjects were measured almost at the same time point before and after 6 and 12 months treatment with SGLT2is. FIB4 index was calculated as a marker of hepatic fibrosis, using the following formula: (age × AST)/(platelet counts (× 10 9 /L) × ALT 1/2 ) [11, 13] . Comparison of the variables before and after the SGLT2i treatment was analyzed by a paired Student's t-test. Pearson's simple correlations coefficients were performed to determine the correlations between change of FIB4 index during 12-month SGLT2i treatment and various parameters. We divided the patients into three groups according to the baseline FIB4 index as follows: group 1: FIB4 index ≥ 2.67, group 2: FIB4 index < 2.67, ≥ 1.30, group 3: FIB4 index < 1.30. The cutoff values were adopted from the previous reports [11] . The differences of parameters among the groups were analyzed by analysis of variance (ANOVA). All data are expressed as mean ± standard deviation (SD). P < 0.05 was considered to be statistically significant. Statistical analysis was done using SPSS version 23 (IBM, USA).
Results
We found 356 patients who had been first prescribed SGL-T2is between April 1, 2014 and March 31, 2018. We excluded 16 patients due to lack of baseline data. Twenty-five patients were also excluded since they had taken SGLT2is less than 12 months. Thus, we analyzed 315 patients in this study. Table 1 shows the baseline characteristics of the studied patients. Changes in metabolic parameters at 6 and 12 months after the start of SGLT2is were shown in Table 2 . The body weight, body mass index (BMI), plasma glucose, HbA1c, serum AST, ALT, γGTP, TC, HDL-C, LDL-C, TG and estimated glomerular filtration rate (eGFR) were significantly decreased, whereas hemoglobin and hematocrit were increased at 6 and 12 months after the start of SGLT2is. There was no significant change in FIB4 index.
We divided the study patients into three groups according to the baseline FIB4 index. The baseline characteristics of each group are shown in Table 3 . The patients of group 1, the high-risk group for hepatic fibrosis, were older and had higher serum AST and γGTP levels as well as lower platelet counts. Table 4 shows changes in clinical parameters at 6 and 12 months after the start of SGLT2is in each group. The body weight and BMI were decreased at 6 and 12 months in all groups. The serum AST levels were decreased at 6 and 12 months in groups 1 and 2. In groups 2 and 3, serum ALT levels were also decreased, and the same tendency was observed in group 1. The platelet counts were decreased at 6 and 12 months in group 3, but no significant change was observed in groups 1 and 2.
The changes of FIB4 index in each group are shown in Figure 1 . There was no significant change in group 2. In group 1, FIB4 index showed no significant change at 6 months, but at 12 months the decrease of FIB4 index was significant.
The correlations between the change of FIB4 index during 12-month SGLT2i treatment and various clinical parameters are shown in Table 5 . The change of FIB4 index was correlated inversely with the baseline FIB4 index, but there were no significant correlations between the change of FIB4 index and the change of body weight or the change of BMI. Table 6 shows the correlations between the change of FIB4 index during 12-month SGLT2i treatment and various clinical parameters in patients of group 1. The inverse correlation between the change of FIB4 index and the baseline FIB4 index was observed in these patients. Moreover, the same tendencies were observed between the change of FIB4 index and the change of body weight or the change of BMI.
Discussion
In this study, we examined the efficacy of the SGLT2is on hepatic fibrosis using FIB4 index in patients with T2D. The results revealed that FIB4 index was significantly decreased after 12-month SGLT2i treatment in the group with high baseline FIB4 index, whereas there was no significant change in FIB4 index in other two groups.
Previous studies revealed that SGLT2is decreased serum AST levels from the early stage after the start of SGLT2is [6, 7] . In the current study, the significant decrease of the serum AST levels was also observed at 6 months after the start of Effects of SGLT2 Inhibitors on Hepatic Fibrosis J Endocrinol Metab. 2020;10(1):1-7
SGLT2i treatment, and was maintained at 12 months. Several mechanisms in the improvement of liver injury were suggested [8] . Obata et al reported that tofogliflozin decreased hepatic fat content and expression levels of lipogenic genes in high fat diet fed mice [14] . In this study, insulin resistance was ameliorated by increasing glucose uptake in skeletal muscle and lipolysis in adipose tissue [14] . In high-fat diet and streptozotocin-nicotinamide-induced T2D mice, ipragliflozin improved hepatic steatosis as well as reduced plasma and liver levels of oxidative stress biomarkers and inflammatory markers [15] . The improvement in hepatic steatosis after SGLT2i treatment was also reported in humans. Kahl et al clearly demonstrated by a randomized controlled study that the 24-week empagliflozin treatment in well-controlled T2D patients effectively lowered hepatic fat content assessed by magnetic resonance imaging, and increased insulin sensitivity as well as adiponectin levels [16] . The reduction of hepatic fat content was also reported after the treatment with dapagliflozin and canagliflozin in patients with T2D [17, 18] . A recent study demonstrated the reduction of hepatic fat content after the 24-week luseogliflozin treatment in Japanese patients with T2D and NAFLD [19] . SGLT2is could activate adenosine 5'-monophosphate-activat- Katsuyama et al J Endocrinol Metab. 2020;10(1):1-7 ed protein kinase (AMPK) by inhibiting mitochondrial function and elevating adiponectin levels [16, 20] , leading to upregulation of fatty acid (FA) oxidation in skeletal muscle and liver as well as downregulation of FA synthesis in the liver [21, 22] . The decrease of fat accumulation reduces oxidative stress and inflammation [8] .
We used FIB4 index as a marker of fibrosis in the liver. FIB4 index was first developed as a simple noninvasive index to predict hepatic fibrosis in patients with hepatitis C virus and human immunodeficiency virus co-infection [13] . Shah et al demonstrated that FIB4 index was superior for the diagnosis of advanced fibrosis in NAFLD, compared to other six indexes [11] . The utility of FIB4 index was also confirmed in Japanese patients with NAFLD [12] . There was a possibility that the values of FIB4 index may be influenced by age because of its formula [23] . Indeed, in the current study, there was a significant difference in age among three groups, which were divided according to the baseline FIB4 index. However, we analyzed the changes of FIB4 index during SGLT2i treatment in each patient. The influences of age on the current results were considered to be limited.
In the current study, FIB4 index was significantly decreased after 12-month SGLT2i treatment in the group with high value of the baseline FIB4 index, suggesting that SGLT2is may improve fibrosis in the liver in patients with advanced fibrosis. Several reports showed that SGLT2i treatment reduced scores of fibrosis as well as steatosis and ballooning by histological examinations [9, 24] . Shimizu et al assessed fibrosis in the liver by measuring liver stiffness with the transient elastography and reported that a significant improvement of liver stiffness after 24-week dapagliflozin was only observed in the patients with high degree of baseline liver stiffness [10] . This result agreed with our results. Several studies already evaluated changes in FIB4 index during the SGLT2i treatment [25] . Nevertheless, only one study showed significant reduction in FIB4 index after ipragliflozin administration [26] , and most studies failed to show significant change in FIB4 index [20, 27] . The short duration of SGLT2i treatment as well as the degree of hepatic fibrosis in studied patients might influence the Effects of SGLT2 Inhibitors on Hepatic Fibrosis J Endocrinol Metab. 2020;10(1):1-7
result. In NASH model mice, canagliflozin inhibited the development of hepatic fibrosis and reduced the number of liver tumors, suggesting that SGLT2is could attenuate or delay the progression of NAFLD to NASH and HCC [28] . The underlying mechanisms of the effects of SGLT2is in hepatic fibrosis are still unclear. In the group with high value of baseline FIB4 index in our study, the change of FIB4 index was tended to be inversely correlated with the change of body weight, suggesting that the weight reduction might contribute to inhibiting the progression of hepatic fibrosis.
The present study has several limitations. First, we analyzed the results of six kinds of SGLT2is together, which were available in Japan, and did not consider the possible differences among SGLT2is. However, it has been thought that SGL-T2is have similar effects because of its similarity in the chemical structure. Second, we could not exclude possible influences from other treatments and life habits, such as hypoglycemic, anti-hypertensive, or lipid lowering agents, food intakes and/ or exercise levels. Third, since this study was based on retrospective chart analysis, there was lack of data, which might influence the result.
Despite these limitations, this study provided the realworld data about the efficacy of SGLT2is on improving fibrosis in the liver, which could support insights obtained from previous studies. Well-designed prospective clinical studies are required to elucidate the mechanisms of the improvements of the effects of SGLT2is on fibrosis in the liver.
Conclusion
The present study demonstrated that SGLT2i could ameliorate fibrosis in the liver in high-risk patients for hepatic fibrosis in the real-world setting.
